We show that both return measurement horizon and model specification have noticeable impacts on estimates of exposure from equity prices for U.S. firms. Although increasing the return horizon increases marginally the precision of the estimates, the inclusion of a market return variable has a significant impact on the distribution of the exposure estimates. We demonstrate that the construction of the market variable dramatically influences the sign and size of the exposures due to a strong relation between firm size and exposure for U.S. firms. We propose using CRSP cap-based portfolios as the control for market factors and show that this produces exposures with stronger relation to foreign cash flows and correlations with firm size. JEL Classification: F3
I. Introduction
For the past decade, researchers have been empirically investigating the exchange rate exposure of firms.
Much of this research measures the exposure as the elasticity between changes in firm value and exchange rate measures. Empirically, the exposure elasticity is obtained from a regression of stock returns on an exchange rate change, often with additional control variables such as a market portfolio return. The resulting exposure estimates for firms (or industries) tend to be very noisy and suffer from much lower levels of statistical significance than suggested by researchers' priors. It has been the case, however, that further tests have uncovered patterns of crosssectional variation in the exposure estimates that is broadly consistent with the predictions of cash flow models of firms with particular characteristics (see, e.g., Bodnar and Gentry, 1993; Jorion, 1990) .
The difficulty in obtaining statistically significant and economically meaningful point estimates of exchange rate exposure casts some doubt on the usefulness of these market-based estimates as measures of the exchange rate exposure desired by participants in the firm. Users of exchange rate exposure estimates, whether investors looking to hedge their portfolios or managers attempting to make corporate risk management decisions, are understandably put off by the lack of statistical significance and the questionable economic interpretation of these estimates. Moreover, from an academic perspective, this problem draws into question the basic premise of how significantly and in what fashion exchange rate changes impact firm performance and value.
The majority of exposure studies on U.S. firms share some common methodological characteristics.
Generally, they estimate an empirical specification that includes a market portfolio return as a control variable, and in keeping with the standard practice in the asset pricing literature, they typically use a one-month horizon for measuring returns. The purpose of this paper is to investigate the importance of these features of model structure on the resulting estimates of exchange rate exposure using a large sample of U.S. firms over the period 1977-1996. We show that the incorporation of a market portfolio return variable in the exposure model plays an important role in ensuring that the estimated exposures are not unduly influenced by correlated macroeconomic events, especially over short horizons. However, the definition of the market portfolio variable has a significant influence on the results, making the estimates of the exposures model dependent and difficult to interpret as cash flow sensitivities for corporate risk management decisions. This influence arises from an anomalous relation between exchange rate sensitivity and firm size for U.S. firms. As for the length of the return measurement horizon, we find, consistent with recent evidence (see, e.g., Solt, 1997a, 1997b) , that exchange rate exposure estimates are more statistically significant at longer horizons. However, lengthening the horizon beyond one month does not reduce the model sensitivity of the exposure estimates arising from the relation between exposure and firm size.
In response to the question of how to control for confounding macroeconomic influences without imparting undue influence of firm size on the exposure estimates, we propose an empirical approach that uses returns to market-capitalization-based portfolios as the control for macroeconomic factors. The resulting cap-based exposure estimates are distributed slightly negatively, so they are more consistent with aggregate corporate cash flow exposures. Tests also indicate that unlike standard exposure estimates, the cap-based exposures show significant correlation with firms' foreign sales and virtually no correlation with firm size. As a result, we argue that these capbased exposure estimates are better candidates for interpretation as a measure of firms' underlying cash flow exposure to the exchange rate.
The paper is organized as follows: Section II discusses the background of exposure estimates. Section III examines the methodological issues facing the researcher in the estimation of exchange rate exposure and describes the data. Section IV presents results of the impacts of these methodological choices on the estimates of exposure and demonstrates the resulting relation between standard exposure estimates and firm size. Section V proposes our alternative approach to estimate exposures to reduce the exposure-size relation. Section VI summarizes and discusses the implication of the paper's findings for exchange rate exposure research.
II. Exchange Rate Exposure

A. Measurement of Exchange Rate Exposure
The estimation of exchange rate exposure is a relatively recent area of research in international finance.
1 In response to the onset of fluctuating exchange rates in 1973, managers became concerned about the impact of exchange rate fluctuations on firms. The early papers discussing exchange rate exposures (e.g., Flood and Lessard, 1986; Hekman, 1985; Hodder, 1982; Levi, 1993; Shapiro, 1974) examine the impact of the exchange rate on firms by modeling its impact on cash flows. From this work came the predictions that the cash flow sensitivity of a firm to the exchange rate should depend on the nature of the firm's activities, such as the extent to which it exports and imports, its involvement in foreign operations, the currency denomination of its competition, and the competitiveness of its input and output markets. 2 Most theoretical models of exchange rate exposures, such as Marston (2000) , suggest that the firm's exchange rate exposure is a function of its net foreign currency revenues.
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This theoretical examination of exposure coincides with the interest of firm managers in understanding how their cash flows are affected by exchange rate changes and how best to manage those effects. Most of the theoretical justifications for a firm managing its currency risk come directly from cash flow volatility arguments (see, e.g., Froot, Scharfstein, and Stein, 1993; Smith and Stulz, 1985; Stulz, 1984) . Thus, for the purposes of making optimal risk management decisions, managers are interested in an exposure measure that gauges their firm's cash flow sensitivity to exchange rate changes. 4 This suggests measuring exchange rate exposure by modeling the actual cash flows of the firm. Lewent and Kearney (1990) demonstrate this approach using the pharmaceutical firm Merck. From this model, the impact of exchange rate changes on the firm can be simulated and hedging decisions made. Such a method, however, suffers from the difficulty of incorporating other complexities into the model, such as competitive reactions and impacts of market parameters and structure. For example, Marston (2000) shows the complexity of determining the demand and cost derivatives necessary for estimating the exact exposure for the simple case of a Cournot duopoly with constant elasticity demand functions. In general, these approaches require significant amounts of firm-specific and competitor-specific information that is available, if at all, only to those inside the firm. Consequently, this cashflow-based method of determining exposure, while useful in identifying the determinants of exposure, is good only for specific situations and not easily applicable to multifirm studies or large-scale cross-firm comparisons of exchange rate exposures. For these sorts of studies, a methodology that uses easily accessible information is needed. Adler and Dumas (1984) suggested an alternative to the cash flow modeling approach. They utilized the fact that the market value of the firm is by definition the present value of all future cash flows. Under this assumption, the exposure can be determined from the elasticity of firm value with respect to the exchange rate, which in turn can be obtained from a simple regression. This approach, which only requires the researcher to obtain 1 See Stulz and Williamson (1997) for a discussion of the various ways in which exchange rate exposure can be measured.
2 Of course, the exposure of the firm also depends on the extent to which the firm offsets the remaining risk from these activities through financial hedging. 3 For example, Marston demonstrates that the exposure of an exporting monopolist is exactly its net foreign currency revenues. Even under other competition structures, the exposure is generally proportional to the net foreign currency revenue position. 4 Such a view is consistent with the results of survey data (e.g., Marston, 1996, 1998; Bodnar, Hayt, Marston, and Smithson, 1995) , which overwhelmingly suggest that managers' primary goal of hedging is to reduce volatility in cash flows, and that the goal of reducing volatility in firm value is much less important. market data, greatly simplifies the estimation of exchange rate exposures and gives rise to the possibility of largescale empirical studies on exchange rate exposure.
B. Regression Models for Exposure Estimation
Adler and Dumas (1984) define the exposure elasticity as the change in the market value of the firm resulting from a unit change in the exchange rate. This is the definition of exposure that an investor is interested in, and it can also be the definition of exposure that the risk manager of the firm would be interested in if the change in the value of the firm is directly related to the change in the firm's expected cash flows. The beauty of the AdlerDumas approach is that the exposure elasticity of the firm can be obtained from the coefficient on the exchange rate variable in the following regression:
(1)
where R j is the stock return for firm j, XR is the percentage change in an exchange rate variable, defined as the home currency price of foreign currency (HC/FC), and δ j is the elasticity of firm value to the exchange rate change. This elasticity indicates the firm's average exposure over the estimation period, in home currency units, as a percentage of the firm's market value. 5 As they point out, this definition of exchange rate exposure is simply a variance decomposition of a firm's returns into a component that was correlated with the exchange rate change and a component that was orthogonal to exchange rate changes. We refer to δ j as the total exposure elasticity of firm j.
This total exposure of a firm comprises two effects. One effect is the average change in the present value of cash flow caused by a unit exchange rate movement. This is the exposure predicted by corporate finance/industrial organization optimizing models of the firm. The other effect is the nonexchange-rate-related phenomena that affect valuations and are spuriously correlated with the exchange rate variable over the sample period. While some portion of this latter effect is idiosyncratic, a portion of it includes "macroeconomic" effects that influence the valuation of all firms, such as changes in the risk-free rate, the market risk premium, and investor sentiment that happen to be correlated with the exchange rate. If these value-relevant influences have nonzero correlation with the exchange rate over the estimation period, they influence the estimate of "total" exposure and confound the interpretation of the estimated exposure as the cash flow effect predicted by optimizing models of firm behavior. 6 If the correlation of these "macroeconomic" effects with exchange rates could be modeled, it would be possible to adjust the total exposure estimates to remove this impact. However, previous research has limited success in identifying a consistent relation between exchange rates and observed proxies for these macroeconomic factors.
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To control for other macroeconomic influences on realized returns, most empirical studies include a return to a market portfolio in the empirical model. This market portfolio return not only controls for macroeconomic influences but also dramatically reduces the residual variance of the regression compared with equation (1). This improves (somewhat) the precision of the exposure estimates, which has been a serious concern to prior researchers.
Thus, the commonly estimated exposure model looks like (2)
where R j is the stock return for firm j, XR is the percentage change in an exchange rate variable, R M is the return on the domestic market portfolio, γ j is the exchange rate exposure elasticity of firm j, β j is the beta of the firm with respect to the market portfolio. Equation (2) is generally preferred by researchers (see, e.g., Allayannis, 1997a Allayannis, , 1997b Allayannis and Ofek, 2001; Bodnar and Gentry,1993; Choi and Prasad, 1995; Jorion, 1990 Jorion, , 1991 Williamson, 2001; Wong, 2000) .
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It is important to note, and often overlooked or undermentioned in the empirical literature, that the definition of the exposure coefficient from equation (2) is now different from before. The new exposure coefficient, γ j , measures the exchange rate exposure elasticity of the firm as the difference between the firm's total exposure elasticity and the market's exposure elasticity adjusted by the firm's market beta.
9 Therefore, we refer to γ j as the 6 This problem does not affect cross-sectional evaluation of the exposure estimates, because the effect is common to all firms and fall out when considering the relative exposures as opposed to the absolute exposure. 7 Most studies trying to consistently link exchange rate changes with other macroeconomic variables have limited success. This is consistent with the common view that exchange rates evolve as random walks. The literature that investigates the pricing of exchange rate risk suggests that any risk premium of exchange rates is significantly time varying and difficult to predict. 8 An alterative is to control for confounding macroeconomic events using predetermined variables. Chow et al. (1997a) apply the three FamaFrench factors in their studies. However, it should be noted that this approach only controls for the expected part of future confounding macroeconomic events. Nevertheless, our results to be discussed in Section IV remain qualitatively similar when this alternative approach is adopted. 9 This can be shown as follows: Using matrix notation, where F is a T by 2 matrix of the constant term and the exchange rate change variable and R j is a T by 1 vector of stock returns for firm j, the statistical definition of the coefficients from equation (1) is residual exposure elasticity of the firm. The reason for this is that the incorporation of the market return in the model also controls for the market portfolio's own exchange rate exposure. The estimated "residual" exposure elasticity differs from the "total" exposure elasticity whenever the market portfolio has a nonzero exposure to the exchange rate. In such a case, the distribution of "residual" exposure elasticities is shifted relative to the "total" exposure elasticities.
The exposure of the market portfolio consists of two factors. One is the value impact of marketwide macroeconomic factors or other non-cash-flow-related value impacts common across all firms that happen to be correlated with the exchange rate over the sample period. The other factor is the weighted-average value impact of the exchange rate changes on the firms' cash flows. Thus, the "residual" exposure estimates are measured relative to both the common macroeconomic influence on value that happen to be correlated with the exchange rate and the changes to the weighted-average market cash flow arising from the exchange rate movement.
Because of this measurement of the firm exposure estimate, if the market portfolio used as a control for macroeconomic factors has a nonzero exposure, the interpretation of a firm having zero "residual" exposure does not mean the same thing as having zero "total" exposure. This is a significant point because the empirical result of having zero exposure is often given the economic meaning in analysis that the firm that is not affected by exchange rate changes. However, a zero "residual" exposure implies a firm has the same exposure as the market portfolio.
Since it is unlikely that the exposure of the market portfolio used to control for macroeconomic effect will be zero, the choice of market portfolio in the exposure regression directly impacts the size and the interpretation of the resulting exposure estimates. This means that the choice of the market portfolio in the specification of equation (2) is a significant decision for the resulting firm-specific exposure estimates.
We might expect this to be a problem. The common practice of using a value-weighted market portfolio as the macroeconomic control in equation (2) gives more importance to large firms. Because these firms are more likely to be multinational and export oriented (net sellers in foreign currency), they should see their cash flows
where δ j is the vector coefficient estimates of the intercept term (α j ) and the total exchange rate exposure elasticity (δ j ). With the inclusion of the market return as a T by 1 vector M in equation (2), the statistical definition of the exposure coefficient (including the constant term) is
See partitioned regression in Greene (1990) , among others. The first term of γ j is the same as the δ j from (E1), but this is reduced by the second term. Since the term (F`F) -1 F`M is simply the coefficients from the regression of the market return on a constant and the exchange rate change (i.e., the exchange rate exposure elasticity of the market portfolio), if we define these coefficients as δ M , we can rewrite (E2) as
increase when the home currency depreciates, thereby generating a more negative market portfolio exposure.
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Alternatively, a more equally weighted market portfolio gives more importance to small firms. As these firms are more likely to be import oriented or non-traded-goods producers, they should see their cash flows rise when the home currency appreciates, thereby generating a more positive market portfolio exposure.
This suggests that we should expect differences in the exposures of value-weighted versus equal-weighted market portfolios. 11 If these differences in exposure are significant, then the choice of different market portfolios in the empirical model would lead to differences in the distributions of the "residual" exposures. This would lead to different interpretations about the impact of exchange rates on firms' cash flows conditional on the construction of the market portfolio used to control for macroeconomic events. In Section IV, we investigate the importance of this issue along with other issues previously discussed in the paper.
III. Data and Research Design
Our study covers the 20-year period from 1977 to 1996. We choose not to include the most recent years for several reasons. First, in 1997 and 1998, several major currency crises in the emerging markets generated significant economic turmoil that disproportionately affected certain U.S. firms. Second, 1999 saw the introduction of the euro as a currency with the locking of most European bilateral rates, which lead to the discontinuation of the classic benchmark G-10 exchange rate index. Third, late 1999 and 2000 saw a stock price bubble in the technology, media, and telecommunications sectors in the United States that makes meaningful exchange rate exposure estimation difficult for these firms. Finally, given the dramatic rise in merger activity in the late 1990s, the sample of firms with continuous history over the period drops off dramatically. Consequently, we select the firms for our study from the 1996 CRSP NYSE/AMEX monthly stock file. To be included in the final sample, a firm must have monthly stock prices/returns covering the period January 1977 through December 1996. This selection criterion results in 910 firms. Monthly return data on individual stock, value-and equal-weighted NYSE/AMEX market portfolios, and
It is apparent that this modified exposure coefficient differs from the classic definition of exposure (Adler and Dumas, 1984) by the product of two easily identifiable terms: the exposure elasticity of the market and the market beta of the firm.
NYSE/AMEX size portfolios are retrieved from the CRSP files. The exchange rate change variable, XR, is computed as the return on the Federal Reserve's U.S. dollar trade-weighted index (Federal Reserve System, 1978) . For each of these sample periods, we estimate currency exposures over multiple return horizons. We begin with the standard empirical finance return horizon of one month, but we examine exposure estimates over longer return horizons because it is possible that exposures may be more accurately estimated over longer horizons due to the complexity of factors influencing exposures and the noise in high-frequency observations of exchange rates relative to the persistence of low-frequency movements.
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The majority of a firm's cash flow exposure arises from changes in future as opposed to current cash flows in response to an exchange rate change, since these adjustments take time to become fully apparent; therefore, longer horizons should provide better estimates of exposure. For a horizon of one month, the estimation is based on nonoverlapping monthly observations. Long-horizon returns are continuously compounded over the corresponding interval, and the estimation is based on overlapping monthly observations. The use of overlapping observations is common in long-horizon regressions in which the variables of interests are generated by compounding the more finely sampled data to investigate the long-term relation among the variables. Efficiency is improved because overlapping observations allow the time-series properties of the finely sampled data to be incorporated into the estimation (Richardson and Smith, 1991) . We correct for the serial correlation induced by the use of overlapping observations using the method of Newey and West (1987) . Moreover, we conduct all significance tests at the 5% level for each tail, with the degree of freedom equal to the number of nonoverlapping observations (rather than the 12 We run our tests on a sample period from 1997 to 2000; however, we have fewer firms (668 out of 910) in the sample due to mergers and acquisitions, and we are forced to use an alternative exchange rate measure because the Federal Reserve Board discontinued the classic G-10 index in 1999 due to EU monetary integration. Consequently, results from this period are not directly comparable to those in the paper. However, the same basic patterns for the total and residual exposure reported in the paper are found with the exposures in this subsample. Interestingly, the rolling market exposures for the value-weighted, equal-weighted, and global market portfolios continue the decline relative to those reported for the end of our sample period. This suggests that factors related to increased stock market valuation were increasingly negatively correlated with the value of the U.S. dollar over the 1997-2000 period. 13 In support of a longer-horizon view, evidence by Chow, Lee, and Solt (1997b) suggests that the exposure of U.S. firms becomes much more detectable when the return horizon is extended beyond 12 months. Their paper looks at a measure of "total" exposure for a small set of U.S. multinational firms (N=213). We consider the impact of horizon issues in a variety of model specifications as well as for a much larger set of firms (N=910).
actual degree of freedom). This conservative approach makes it more difficult to reject the null hypothesis of no exposure to exchange rate fluctuations and is adopted to ensure that our findings are not driven by a limited number of nonoverlapping observations in long-horizon regressions, especially over the four 5-year subperiods.
IV. Empirical Findings
In this section, we examine the effect of possible differences in methodology (outlined in Section II.B) on the estimation of exposure elasticities. In doing so, we consider summary statistics for the distribution of exchange rate exposures at the various horizons as well as the percentage of firms with statistically significant exposure to exchange rates and the proportion of these firms that gain versus lose from appreciation of the U.S. dollar. In addition, we consider the stability of the exposure estimates across multiple subperiods.
A. Firm-Level Total Exchange Rate Exposures
We begin by considering the original approach suggested by Adler and Dumas (1984) , in which market portfolio return is not included in the model and the exposure estimated is the "total" exposure elasticity. Panel A of Table I and the top plot in Figure 2 show that the mean and median total exposure estimates are positive for the 1-month-return horizon and increase through the 6-month horizon, only to fall and become negative for horizons of 15 to 24 months, and finally switching back to positive at the 36-month horizon and beyond. This shifting of the distribution of exposures over different return horizons is troubling because it suggests that the sign of the average total exposure elasticities is not independent of the return horizon. In addition, Panel A of Table I indicates that the percentage of firms with statistically positive and negative exposures varies noticeably over different horizons. For short horizons, the percentage of firms with significant positive exposures dramatically outnumbers the firms with significant negative exposures. Beyond 12-month-return horizons, we find more significant negative exposures than positive exposures, only to see them equal out beyond 24-month-return horizons. As for the overall percentage of significant exposures, we find only about 15% of firms with significant exposure elasticity at 1-month through 18-month horizons, with the percentage of significant exposures increasing from 20% to 50% as horizons increase from 24 to 60 months.
Another troubling finding on total exposure elasticities is the time variation in the estimates across subperiods. The lower plot of Figure 2 shows that the means are highly volatile across the four subperiods. The third subperiod, especially, produces positive exposure estimates that defy belief in terms of cash flow sensitivities.
Results (not tabulated) indicate that the mean exposure elasticities are generally significantly negative in the first two periods but statistically positive in the last two periods. Moreover, for horizons of three months and longer, twothirds of the 910 firms had significantly positive exposures for the third subperiod, while less than 10% of these firms had positive exposures during the previous five-year period. The theoretical corporate finance models require us to explain this shift in terms of the international activities of the firms or changes in the competitive structure of their markets. However, this shift appears too large, too sudden, and too widespread to be explained by cash-flowrelated changes in firm structures or changes in the competitive environment. This result highlights a drawback of the total exposure estimates, as discussed in Section II.B. In particular, total exposures capture not only the cash flow-related exchange rate exposure but also the relation between exchange rate changes and other "macroeconomic" factors that influence the market value of the firm.
B. Firm-Level Residual Exchange Rate Exposures
In practice, researchers have tended to estimate exposure elasticities by including a market portfolio return in the model specification. This modification to the basic Adler and Dumas (1984) specification has two beneficial effects. First, including the market return reduces the residual variance of the regression, thereby improving the precision of the exposure elasticity estimates. Second, and more importantly, the market return implicitly controls for the value-relevant macroeconomic factors that are correlated with the exchange rate. This improves our ability to interpret the resulting exposure elasticities in terms of the corporate-finance-based models as cash flow sensitivities important for risk management decisions. However, as discussed in Section II.B, the inclusion of the market portfolio changes the interpretation of the estimated exposure elasticity to a "residual" exposure. A zero exposure no longer implies that the firm's value is independent of exchange rates; rather, it implies that the firm value is affected to the same degree as the market portfolio. A similar logic applies when interpreting positive or negative residual exposure estimates.
Panel B of Table I and Figure 3 show the results for the distributions of the residual exposure estimates for a model including the return to the CRSP U.S. value-weighted index as the market portfolio.
14 We see several different features compared with the total exposure elasticities discussed earlier. First, the table indicates that the mean and median exposures are positive at all horizons and increase monotonically with the return horizon. Figure 3 illustrates that both the median and the spread of the distribution increase steadily with horizon; the same pattern holds in the subperiods. Second, the significant jump in the distribution of "total" exposures for subperiod three, seen in Figure 2 , is not as apparent in Figure 3 . This demonstrates that the "residual" exposure estimates are more stable than the "total" exposure estimates over time, which is consistent with the market portfolio, removing much of the influence of common "macroeconomic" value shocks correlated with the exchange rate. Third, the total percentage of firms with significant exposure estimates is higher than that for total exposure estimates reported in Panel A of Table I . The total percentage is around 20% to 25% for horizons of 1 to 21 months but increases up to 60% for the 60-month horizon. This is consistent with it taking a long time for the market to fully incorporate exchange rate changes into firm value. The finding of better exposure identification at long horizons is also consistent with the finding of Chow, Lee, and Solt (1997b) that much greater numbers of significant exposures occur over longer return horizons.
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A noticeable difference from Table I is that firms with significant positive exposures outnumber firms with significant negative exposures by more than two to one. 16 This finding is economically troubling because it implies that most U.S. firms experience gains (relative to the market) when the U.S. dollar appreciates. As a measure of the cash flow exposure of these firms to the exchange rate, this interpretation is at odds with the results of studies on the relation of reported profits of U.S. corporations with the exchange rate. For example, Clarida (1997) demonstrates that the U.S. dollar rise in the early 1980s reduced US manufacturing firms' profits by 25% while the subsequent fall boosted profits by 30%. Along these same lines, Hung (1992) reports that the upward swing in the dollar during the 1980s resulted in a profit loss to U.S. manufacturing firms of $23 billion per year. Finally, Uctum (1996) estimates that a 1% depreciation of the U.S. dollar leads to a nearly 1% increase in the dollar value of overseas profits of U.S.
corporations. Taken together, these findings would lead one to expect that if stock prices were directly related to 15 It is also interesting to note that the findings of a positive mean exposure and 20-25% of firms with significant exposure estimates for the United States are consistent with the results documented in previous studies that employed the same model specification and monthly returns (see, e.g., Allayannis, 1997a; Bodnar and Gentry, 1993; Jorion, 1990; Wong, 2000) . 16 Results, not tabulated, show that the mean and median exposures for the subperiods are similar to those for the full period. Except for a few cases, the mean and median estimates are positive in all periods and all horizons. In general, more firms are found to be significantly positively exposed to dollar appreciations than are found to be significantly negatively exposed. However, in subperiod 1 (January 1977 through December 1981), the percentage of firms with negative currency exposure elasticities is higher than that with positive exposures for the longer horizons. The subperiods do seem to improve the ability to estimate statistically significant exposures as, for horizons longer than three months, the percentages of firms with a significant exposure estimate (positive or negative) in the subperiods are higher than the corresponding numbers in the full period.
cash flows, the exchange rate exposures estimated from equity prices should also reveal this negative relation, on average. We address this counterintuitive finding through the measurement of the market portfolio.
Since most studies look at the average of the residual exposures, giving each estimate equal weight, it might make more sense to control for the average macroeconomic effect by giving each firm equal weight in the market portfolio included in regression model. The use of an equally weighted market portfolio treats each firm's exposure equally in terms of determining the market exposure. This choice also leads to the convenient fact that the residual exposures across all the firms in the market portfolio must sum to zero (as the average of the exposures in the market captured in the equal-weighted market exposure). Panel B of Table I reports summary results for the estimates of the U.S. equal-weighted (EW) market based exposures alongside the comparable results from the U.S.
value-weighted (VW) market exposure model. First, both the mean and median exposure estimates are now negative, and they become more negative as the return horizon increases. Figure 4 depicts this finding graphically.
Comparing Figure 4 with Figure 3 , one can observe that, except for subperiod 1, the distributions are shifted downward and the median exposures are negative. Second, firms with significant negative exposures outnumber positive exposures by nearly two to one. These two findings appear more consistent with the results of aforementioned studies that relate profits and exchange rate changes. However, the use of the EW market does not improve the total number of firms with statistically significant exposures. As before, for return horizons out to 21 months, we find between 20% and 25% of firms with statistically significant exposure elasticities. Again, at 24 months and beyond, we see a greater ability to detect significant exchange rate exposures.
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Given that we are examining an exposure with international dimensions, an argument could be made that we should control for macroeconomic factors using a world market portfolio return. This creates another possible empirical specification for the exposure regression. Panel B of Table 1 reports the exposure elasticity estimates for our sample of U.S. firms using the U.S. dollar return to the Morgan Stanley Capital International (MSCI) world market portfolio return as the control for macroeconomic effects. As this is a value-weighted index of large firms in the world's major equity markets (including predominately U.S. firms), we would expect to see results similar to those for the VW U.S. market portfolio. In fact, we see that the distribution of firm-level exposures with this specification is shifted noticeably in the positive direction. The means and medians for the exposure elasticities are 17 The subperiods tell a similar story. The mean and median exposures for most subperiods are negative, especially at short return horizons. As the return horizons grow, the means (and occasionally the medians) for the first subperiod become statistically positive. In all subperiods but the in the 0.40 to 0.60 range for all horizons. Not surprisingly, the percentage of significant exposure is tilted strongly toward the positive side. Figure 5 displays the distributions of the firm-level exposures for the full period as well as the four subperiods. In all subperiods, we see a noticeable positive shift in the distributions relative to either the total exposures or the relative exposures controlling for macroeconomic factors with either of the U.S. market indices.
These comparisons, from Panel B of Table I and Figures 3, 4 , and 5, are striking. We obtain a completely different economic interpretation regarding the exposures of the sample firms based on the choice of the market portfolio included in the empirical model. Clearly, the choice of the market portfolio does make a different in one's inference. While the estimation horizon also plays a role in the estimation of the exposure elasticity, the impact of the choice of including a market portfolio appears to have a much more substantive impact. In the next subsection, we examine the reason why the choice of a market portfolio to include in an exposure regression has such a significant effect on the resulting exposure elasticity estimates.
C. Portfolio-Level Exchange Rate Exposures
As we mention in Section II.B, a firm's residual exposure is the difference between its "total" exposure and the product of the market's exposure to the exchange rate and the firm's market beta. Thus, the difference in the sets of exposure estimates must arise from differences in the three market portfolios' exposure to the exchange rate index. Given that the entire distribution of firm-level exposure elasticities using the U.S. VW market and MSCI world market portfolio returns as control variables are more positive than are those using the U.S. EW market return, it must be the case that the U.S. EW market itself has a more positive exposure at all horizons than the two VW market portfolios.
In Panel A of Table II , we report the estimates of the currency exposures of all three market portfolios used previously over the full sample period. As we anticipated, the exposures of the markets portfolios are dramatically different. The exposure of the U.S. EW market portfolio is everywhere positive, the exposure of the MSCI world market portfolio is everywhere negative, and the U.S. VW market portfolio starts out a small positive but drifts negative as the horizon increases. The positive exposure for the U.S. EW market portfolio is consistent with the greater weight given to smaller firms that are more likely to be in nontraded sectors or be net importers and thereby gain when the U.S. dollar appreciates. The large negative exposures for the MSCI world market portfolio is first, the percentage of firms with statistically significant negative exposure to dollar appreciations is greater than that of those with significant consistent with the greater weight placed on large firms with firms located in other countries whose U.S. dollar value rises purely as a result of the translation effect when the U.S. dollar depreciates. The exposure of the U.S. VW market portfolio is not surprisingly in between these, because it only contains U.S. firm but places most of its weight on the largest firms, which are also some of the U.S. firms contained in the MSCI world market portfolio. Figure 6 plots five-year rolling estimates of the exposures of these three markets at horizons of 1, 3, 6, and 12 months. From the plots, it is apparent that the exposures of these markets are not very constant over time;
instead, all display a similar time-varying pattern. The exposure elasticities of the markets are negative in the early part of the sample period and become positive in the mid-to late 1980s and decrease again into the 1990s. These changes in market exposure are quite dramatic, from an exposure elasticity of approximately -1 to +1. It would appear that these changes are too large and too sudden to be explained by changes in the foreign currency cash flow position of the firms. These changes in exposure elasticity suggest that within a decade, the net foreign currency cash flow position of the firms in the U.S. market changed from being net long foreign currency in an amount equal to total market capitalization (circa 1980) to being net short foreign currency in an amount equal to total market capitalization (circa 1990). 18 Interestingly, roughly the same change in exposure is apparent for the firms in the MSCI world market portfolio. This similar pattern for the world market supports the view that in addition to measuring the cash flow sensitivity of firms to exchange rates, these market exposures are capturing time-varying correlations between the changes in the exchange rate index and other determinants of market value, such as required rates of return and expected growth rates, or other common influences on firm cash flows that are spuriously correlated with exchange rate changes. Attempting to provide an economic explanation for these common patterns of market exposures is an interesting question but not the focus of this investigation. The important point to glean here is that controlling for these large changes in market exposure, which are not related to cash flow impacts of exchange rate, will be an important issue when estimating exposure elasticities of firms over longer sample periods.
Despite the common time variation, the figures reinforce the fact that the market exposures at any point in time have different levels of exposure. An obvious explanation for the difference in the exchange rate exposures of the different market portfolios is a systematic difference in the exposure of firms based on size. This explanation does have some intuitive appeal because of general differences in the operating structures of large and small firms.
positive exposure to dollar appreciations.
In particular, large firms are more likely to be multinationals or large exporters, have net foreign currency revenues (long foreign currency position), and gain when the U.S. dollar depreciates. Moreover, foreign firms are mechanically likely to see their U.S. dollar values increase when the U.S. dollar depreciates (unless their values are significantly negatively affected by the real dollar depreciation). On the other hand, small firms are more likely to be non-traded-goods producers and therefore potential net importers (short foreign currency position) who gain when the U.S. dollar appreciates.
To explore this size explanation more generally, we estimate the total exchange-rate exposure elasticities of the CRSP U.S. capital-based decile portfolios. Summary statistics of the estimated exposure elasticities for the Size 1 (largest), Size 4, Size 7, and Size 10 (smallest) decile portfolios are reported in Panel B of Table II . Figure 7 displays the results in visual form. The portfolio exposures are monotonic in terms of the market capitalization at all horizons. The Size 1 (largest) portfolio starts with an exposure elasticity of zero and becomes progressively more negative, becoming significantly negative at the 21-month horizon. In contrast, the Size 10 portfolio starts off with a significantly positive exposure elasticity, which decreases slightly, becomes insignificant through 21 months, and then increases rapidly, becoming significant again at 24 months onward. 19 Panel B also reports tests on the significance of the difference between the exposure of each of the smaller portfolios and that of the Size 1 portfolio.
Generally, the difference between the exposures of the Size 1 and Size 10 portfolios are statistically significant.
To investigate whether this size-exposure relation is due to systematic differences in foreign cash flow positions of different-sized firms arising from operational differences, we create portfolios with our own sizes from the subset of firms that appear on the Compustat geographic segment database. This sample is only a subset of the CRSP decile portfolios previously studied, because not all firms are reported on the Compustat geographic segment database and its data only begin in 1979. Nonetheless, we construct ten market capitalization portfolios from these firms based on their market capitalization in the beginning of the year. For each sample year and decile size, we further divide the firms into three subportfolios based on their reported foreign-and-export sales ratio. We denote these subportfolios as high, low, or zero foreign sales. We compute the foreign-and-export sales ratio as the sum of 18 This results from the fact that the actual cash exposure is equal to the exposure elasticity times the market value of the portfolio. 19 The impressive monotonicity of the exposures across size breaks down somewhat when we look at subperiods. In the first subperiod, across return horizons of 9 to 18 months, we actually see the pattern reversed. Typically, the largest firms have the most positive exposures and the smallest firms have the most negative exposures (at least for return horizons beyond 6 months). One explanation for this reversal of the relation between size and exposure is that the first subperiod (1977) (1978) (1979) (1980) (1981) was the noted small-cap market boom in the U.S. During this period, small-cap stocks significantly outperformed large-cap stocks. Moreover, during this period, the U.S. dollar depreciated on average, leading to the observed stronger negative exposure for the small-cap stocks. For the second subperiod, the Size 4 portfolio has the most negative exposure elasticities.
foreign sales and export sales scaled by total firm sales. We use this foreign-and-export sales ratio as a proxy for the underlying cash flow exposure of the firm. The portfolios' monthly returns are calculated as the value-weighted average of the returns for the firms in the subportfolios. Table III reports selected statistics on 12 of these subportfolios; the full set of high, low, and zero foreign sales for groups of selected sizes: 1 (largest), 4, 7, and 10 (smallest). Results not tabulated show that the numbers of firms in each decile portfolios range from 103 firms in 1979 to 220 firms in 1996. Table III indicates that the (timeseries) average number of firms without foreign activities (0% FGN sales) increases as we move from the large-cap (Size1) to the small-cap (size 10) group. For the high (or low) foreign-and-export sales portfolios, the valueweighted average of foreign-and-export sales ratio decreases from 50.4% (14.8%) in the size 1 portfolio to 31.5%
(1.0%) in the size 10 portfolio. Taken together, these statistics are consistent with our earlier conjecture about the characteristics of the U.S. CRSP capital-based decile portfolios in that size is correlated with the extent of multinationality. Table IV Figure 7 , still exists for all conditional foreign sales groupings shown in Figure 8 . As a simple indication of the importance of firm size relative to the foreign sales ratio for exposure, notice that the large firm (Size 1) zero foreign sales portfolio exposures are everywhere more negative than the exposure elasticities of the smaller (Sizes 4, 7, and 10) high foreign sales portfolios, despite each of these subportfolios having average foreign sales ratios of more than 30%. Finally, as a simple test of whether firm size matters for the exposure once one controls for cash flow effect (using the foreignand-export sales ratio), the Diff. columns in Table IV report the significance level of the test of each exposure relative to that of the corresponding size 1 portfolio. It is clear that, especially for the Size 10 portfolio, many of the exposure differences across firm sizes are statistically significant, even after controlling for the cash flow effect.
Finally, the monotonicity of the full sample pattern reappears in subperiods 3 and 4. However, in these subperiods, the exposures of portfolios of
V. Size Effect in Exchange Rate Exposures
A. Size Effect in Firm-Level Exchange Rate Exposures
To examine whether the portfolio-level size effect previously documented carries to the firm-level exposure estimates, we run a cross-sectional regression of our sample firms' exchange rate exposure estimates on the firms' foreign-and-export sales ratio and market value. Because the exposure estimates are estimated over a certain period, we use the average foreign-and-export sales ratio and average market value over the same period. The foreign-andexport sales ratio is an accounting proxy for the firms' cash flow exposure. While cash flow models of exposure suggest that the exposure should be related to "net" foreign currency position (see, e.g., Marston, 2000) because firms only report foreign currency revenues and not costs, we have no choice except to use this crude proxy for the underlying determinant of exposure.
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The results of this cross-sectional regression for the full period are displayed in Table V . It is immediately apparent that at all horizons, both the foreign-and-export sales ratio (% FGN sales) and firm size (MVE) are important for explaining cross-sectional differences in exposures. The foreign-and-export sales ratio is everywhere significantly negatively related to exposure. The negative relation implies that firms experience higher returns when the dollar depreciates, which is consistent with economic intuition because dollar depreciations increase the value of foreign cash flow streams. On the other hand, the significantly negative coefficient on MVE indicates that larger firms have exposures that are more negative, independent of their foreign sales ratio, just as we saw in the previous portfolio-level analysis. In all cases, however, these two variables only explain a small percentage of the total crosssectional variability of exposure estimates. The adjusted R 2 is only about 5% to 6%.
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B. Controlling for the Size Effect in Firm-Level Exchange Rate Exposures
Having demonstrated a size effect in exposures that complicates their interpretation as measures of exchange-rate-related cash flow impact, we suggest a method of estimating exposures that mitigates this problem.
all sizes are everywhere positive. 20 Foreign-and-export sales ratios have been identified as an important determinant of exposures in previous cross-sectional tests (see, e.g., Jorion, 1990) . 21 The cross-sectional regression results should be interpreted with caution. First, we assume that the foreign sales ratio adequately captures firms' underlying cash flow exposures, an imperfect assumption without the addition of unreported foreign currency cost information. Second, we do not control for financial hedging because data on corporate use of derivatives are not available during most of the sample period 1977-1996. (Information about the notional amount of outstanding financial derivatives was first available in 1991, while improved disclosures were required in 1994. However, evidence in Wong, 2000, suggests that the usefulness of these disclosures is limited.) However, the finding of a negative coefficient on MVE cannot be due to the failure to control for hedging because it should have a positive effect on currency exposure.
Our approach is to use an appropriate size of portfolio as the control for the "macroeconomic" factors discussed earlier. Doing so allows us to control for both the macroeconomic factors that influence firm value and the size effect in currency exposure. For practical purposes, we use the CRSP U.S. capital-based decile portfolios as the size of portfolios. Thus, instead of using a common market portfolio return in the exposure regressions, we use a matching CRSP cap-based portfolio return as the macroeconomic control for each firm. CRSP EW market portfolio. The mean and median cap-based exposures are moderately negative at most horizons and always statistically significant. Moreover, the percentage of firms with significant negative exposures is larger than that of firms with significant positive exposures. Given that our sample selection criterion biases us toward selecting mature firms more likely to be international, we expect our sample firms, on average, to display slightly negative residual exposure relative to their size-matched peers. This view is confirmed by the fact that regardless of horizon, the average exposure (beta) of our sample firms to their matching CRSP cap-based portfolios is slightly less than one. Further, most of the firms are significantly positively exposed to the size-matched portfolio, especially at short horizons.
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To demonstrate that the approach of using a size-based market control portfolio reduces the relation between the estimated exchange rate exposures and firm size, we cross-sectionally regress the exposures on foreign sales and firm size as previously. The results of this regression are shown in Table VII . From the table, one can immediately see that with the exception of the 1-, 3-, and 60-month horizons, MVE is no longer significantly related to the exchange rate exposure estimate. In all cases, the foreign sales ratio remains significantly negatively related to exposure, as previously. However, in comparing the results here with those of Table V, the foreign sales ratio is more strongly related to the exposures controlled by decile size than those controlled by the VW market.
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In sum, Tables VI and VII show that our proposed approach generates exchange rate exposure estimates that exhibit two appealing properties. First, they are less affected by the size effect that influences the traditional exposure estimates so that economically meaningful cross-sectional analysis can be carried out on them. Second, 22 The subperiod results are similar to those for the full period. The mean and median exchange rate exposure estimates are always negative in all periods and all horizons, except for the fourth subperiod. With a few exceptions, the percentage of firms with statistically significant negative exposures to dollar appreciations is greater than the percentage of those with significant positive exposures.
their distributions are such that the means and medians as well as the majority of the significant estimates are in the negative range. As a result, these equity-based estimates of exposure are no longer at odds with the macroeconomic evidence on the relation between U.S. corporate profits and exchange rate changes.
VI. Summary and Concluding Remarks
We investigate the importance of model structure and return horizon on the empirical estimation of exchange rate exposure using stock return regressions on a large sample of U.S. firms over the 20-year period 1977-1996 . The focus of these estimations is to obtain an estimate of firm-level exposure that can be interpreted as a measure of the sensitivity of the firm's cash flows to exchange rate changes. Such a measure is fundamental to making and understanding risk management and other corporate decisions of the firm.
First, we demonstrate the importance of some form of control for macroeconomic factors in the exposure regression. Exchange rate exposures from a simple model, where the firm return is regressed against an exchange rate change, display significant variability across return horizons and periods. While the variation across return horizons is a puzzling feature, we claim that the variation across subperiods is due to time-varying (possibly spurious) correlations of the exchange rate with macroeconomic factors, such as interest rates or the expected market risk premium, which affect the valuation of all firms.
Most researchers, recognizing this, include a market return variable in the regression model to control for common macroeconomic effects. However, the estimates of firm-level exposures in this case measure the exposure of the firm relative to the exchange rate exposure of the market. By construction, the exposure of the market will be a combination of the macroeconomic effects (previously discussed) and the average impact of the exchange rate on the cash flows of all the firms in the market. As a result, if different constructions of the market portfolio have different correlations with the exchange rate, the choice of the market portfolio in the exposure model will have a substantial impact on the resulting exposure estimates.
We demonstrate that different constructions of a market portfolio have different exposures to exchange rates due to a significant size effect in exchange rate exposures. We document a significant inverse relation between firm size and exchange rate exposure. Large firms, which are typically more internationally oriented, tend to have more negative exposures to the value of the U.S. dollar. In contrast, small firms tend to have a more positive 23 The regression results should be interpreted with caution, as discussed in footnote 21.
exposure to the value of the U.S. dollar. This size effect remains even after we control for the extent of firms' involvement in exchange-rate-sensitive activities, using foreign and export sales as a percentage of total firm sales.
The size effect is translated into different constructions of the market portfolio, with value-weighted portfolios having a more negative exposure and equal-weighted portfolios having a more positive exposure. As a result, the choice of the market portfolio in the exposure model has a strong impact on the resulting estimates of firm-level exchange rate exposures.
Finally, we suggest an alternative specification for exposure estimation to reduce the anomalous relation with firm size. To this end, we replace the market portfolio return in the exposure regression with the return on the CRSP cap-based decile portfolios. The cap-based exposures are predominantly negative. This is expected because our sample firms are mature and more internationally oriented, so they should exhibit a more negative exposure relative to their cap-matched peers. We demonstrate that these exposure estimates are less cross-sectionally related to firm size than the exposure estimates obtained using the value-weighted market return as a control variable.
Although we do not completely eliminate the relation between exposures and firm size at all horizons using this new approach, we demonstrate that these exposures are more closely related to foreign sales ratios, as is predicted by the fundamental cash flow models of the firm.
Table I Descriptive Statistics on Alternative Equity Return Exchange Rate Exposure Estimates (N=910)
Currency exposures for 910 U.S. firms are estimated using monthly overlapping observations over the period from January 1977 through December 1996, with the number of overlapping observations for each horizon shown in column T. The table reports the mean and median exposure from the cross section of estimates. The percentages of significantly negative and positive estimates are based on a two-sided t-test at the 5%-significance level for each tail, with the degree of freedom equal to the number of nonoverlapping observations. a 1 a, b, and c denote statistically significantly differences at the 1%, 5%, and 10% levels, respectively, using a two sample t-test (two-sided). 2 a, b, and c denote statistically significantly differences from the exposure estimate of the Size 1 portfolio at the 1%, 5%, and 10% levels, respectively, using a two-sample t-test (two-sided).
Table III Descriptive Statistics on the Self-Constructed Portfolio by Size and Foreign Sales Percentage
The time-series means (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) of the selected portfolio characteristics are reported in the Portfolio MV = pooled time-series cross-sectional mean of market value ($) of all firms in the portfolio. Firms in Portfolio = pooled time-series cross-sectional mean of number of firms in the portfolio. Firm Market Value = pooled time-series cross-sectional mean of firm market value in each portfolio. % FGN Sales = value-weighted average of foreign-and-exports sales as a percentage of total firm sales. Currency exposures are estimated using monthly overlapping observations over the period January 1977 through December 1996. We measure foreign-and-export sales (% FGN Sales) and size (MVE) using, respectively, the mean annual foreign-and-export sales and mean market value of equity over the period January 1977 through December 1996. Notes: a, b, and c denote statistical significance at the 1%, 5%, and 10% levels, respectively, using a two-sided t-test. 
Horizon
Currency exposures are estimated using monthly overlapping observations over the period January 1977 through December 1996, with the number of overlapping observations reported under column T. The percentages of significantly negative and positive estimates are based on a two-sided t-test at the 10% significance level, with the degree of freedom equal to the number of nonoverlapping observations.
Currency Exposure
Matching CRSP Cap-Based Beta Currency exposures are estimated using monthly overlapping observations over the period January 1977 through December 1996. We measure foreign-and-export sales (% FGN Sales) and size (MVE) using, respectively, the mean annual foreign-and-export sales and mean market value of equity over the period January 1977 through December 1996. Notes: a, b, and c denote statistical significance at the 1%, 5%, and 10% levels, respectively, using a two-sided t-test. 
Horizon
Figure 8 Exchange Rate Exposures of Portfolios of Four Selected Sizes by Relative Foreign Sales
The portfolios are constructed by first dividing our 910 firms into ten groups according to their market capitalization in the beginning of the year (1 = largest, 10 = smallest). For each sample year and size of decile, we further divided the firms into three subportfolios based on relative foreign sales: high, low, and zero foreign-and-export sales. We compute foreign-and-export sales as the sum of foreign sales and export sales, scaled by total firm sales. The figures display the exposure elasticities for four selected size groups by relative foreign-and-export sales of the portfolio.
